We describe the first case of cryptococcosis caused by Cryptococcus neoformans var. gattii in a male Atlantic bottlenose dolphin (Tursiops truncatus). The dolphin showed clinical signs of tachypnea, transient dyspnea, and mild tachycardia and developed multiple hyperechoic nodules, parenchymal consolidation, and thickening of pleura. A diagnosis of bronchopneumonia with pleuritis was made. Itraconazole therapy was implemented for 120 days, and trough levels in serum were within or above the suggested therapeutic range. Titers of cryptococcal antigen in serum increased eightfold during therapy, and the case had a fatal outcome. Necropsy examination findings included enlarged pulmonary lymph nodes and extensive coalescing granulomatous lesions throughout both lungs. Histologic examination revealed numerous, spherical to ellipsoidal, mucicarmine-positive, 3-to 14-m, encapsulated, budding cells consistent with C. neoformans. Culture of the lung tissue yielded colonies of C. neoformans. The isolate was urease positive and nitrate negative and exhibited phenoloxidase activity. It was positive on canavanine-glycine-bromothymol blue agar. When tested by the Iatron serodiagnostic reagent kit (Iatron Laboratories, Inc.), it was shown to belong to serotype B.
A 19-year-old adult male dolphin became acutely ill in April 1999, manifesting clinical signs of tachypnea, transient dyspnea, and mild tachycardia. Diagnostic ultrasonography of the thorax revealed diffusely distributed hyperechoic foci, focal parenchymal consolidation, thickening of the pleura, and a moderate increase in pleural fluid. A tentative diagnosis of bronchopneumonia with pleuritis was made. The animal was treated with broad-spectrum antibiotics for approximately 3 weeks and was further treated with itraconazole (Sporanox; Janssen Pharmaceutical, Titusville, N.J.) at an initial dosage of 9.2 mg/kg of body weight for 41 days followed by 4.6 mg/kg for 79 days (from April to August 1999).
Clinical laboratory values from April 1999 showed a moderate inflammatory hemogram with a marked absolute eosinophilia and elevated erythrocyte sedimentation rate. Peripheral blood circulating eosinophil numbers were intermittently elevated from May through September 1999. Elevated absolute eosinophil numbers were again noted in January 2000 and persisted until the animal's death in late February 2000. The elevation in erythrocyte sedimentation rate was first observed in March 1999 and also persisted until the animal's death. Serum chemistry values were within the established clinically normal range until mid-February 2000.
A marked elevation in respiratory rate was first observed in April 1999. The rate gradually returned to normal by September 1999. In January 2000, the respiratory rate was again elevated and remained so until the animal's death. Radiographs of the thorax taken in January 2000 showed a severe extensive bronchointerstitial pattern.
Necropsy revealed enlarged pulmonary lymph nodes and extensive coalescing granulomatous lesions throughout both lungs. Sections of the lung tissue were stained by hematoxylin and eosin, periodic acid-Schiff stain, and Mayer's mucicarmine stain procedures. Microscopy revealed numerous, spherical to broadly ellipsoidal, encapsulated, budding yeast cells of Cryptococcus neoformans. The elongated ellipsoidal cells measured 3 to 14 m in the longest dimension ( Fig. 1 and 2 ).
Mycological examination. Lung tissue was cultured on Sabouraud dextrose agar containing chloramphenicol (Difco Laboratories, Detroit, Mich.) and incubated at 25 and 37°C. Mucoid, white yeast-like colonies became evident after 78 to 96 h of incubation. A single colony isolate was used for further studies. The API 20C AUX system (bioMerieux, Hazelwood, Mo.), a commercial kit for the evaluation of the assimilation of 19 carbon sources, was used according to the manufacturer's instructions. The isolate was identified as C. neoformans. It was urease positive and nitrate negative and exhibited phenoloxidase activity by producing brown-pigmented colonies on L-dopa medium. Single brown-pigmented colonies from the L-dopa medium were isolated and grown on canavanineglycine-bromothymol blue agar (16) at 28°C. The isolate was positive on canavanine-glycine-bromothymol blue agar after 48 h of incubation at 28°C and was identified as C. neoformans var. gattii. The serotype was determined using the Iatron serodiagnostic reagent kit (Iatron Laboratories, Inc., Tokyo, Japan) by slide agglutination using factor sera provided in the kit (12, 14) . The isolate belonged to serotype B. The isolate has been deposited in the American Type Culture Collection (ATCC MYA 867) and the University of Alberta Microfungus Collection and Herbarium (UAMH 9837).
Serologic studies. Retrospective serum samples were submitted to Quest Diagnostics, San Diego, Calif., for cryptococcus antigen level determination by latex agglutination assay. A sample from 25 February 2000 was also tested by enzyme immunoassay (EIA). The results are shown in Table 1 .
Discussion. C. neoformans is known to cause infection in a wide variety of mammalian hosts including marine dolphins. Pulmonary cryptococcosis in dolphins manifests as cryptococcal pneumonia most likely acquired through inhalation of cryptococcal aerosols (4). Fatal pulmonary cryptococcosis has previously been described for two species of dolphins, the Atlantic bottlenose dolphin (Tursiops truncatus) and the striped dolphin (Stenella coeruleoalba) (10, 19) . In both cases, the diagnosis was based on histopathologic examination of the necropsy tissues and the presence of cryptococcal cells in the lungs, mediastinal lymph nodes, and other organs. The causal agent was not isolated and/or grown in culture in either case.
The present case represents the first culture-proven case of cryptococcosis in an Atlantic bottlenose dolphin caused by C. neoformans var. gattii (serotype B). The only known environmental source of C. neoformans var. gattii (serotype B) is Eucalyptus camaldulensis and E. tereticornis (7, 8, 22) . Three additional eucalypts, namely, E. blakelyi, E. gomphocephala, and E. rudis, also serve as natural hosts for C. neoformans var. gattii (21) from eucalypts growing near Fort Point, San Francisco, Calif. In the present case, the dolphin was maintained at the U.S. Navy Marine Mammal facilities in San Diego, Calif., where there are several eucalyptus trees growing on the campus. Whether the present isolate originated from any of the eucalyptus trees needs to be investigated.
A variety of systemic mycoses including aspergillosis (25), blastomycosis (5), candidiasis (2, 6), coccidioidomycosis (24) , cryptococcosis (10, 19) , histoplasmosis (13) , lobomycosis (3, 17, 23) , sporotrichosis (18) , and zygomycosis (26, 27) have been reported elsewhere to cause fatal disease in cetaceans. Reidarson et al. (25) found itraconazole to be the most efficacious antifungal drug for treating marine mammals with Aspergillus infections. Because the drug was lipophilic, levels in tissue were generally higher than those in blood, and due to slow release of itraconazole from tissue, significant levels in blood could persist for weeks in marine mammals after discontinuation of therapy (25) .
Confirmation of cryptococcal infection can be made by culture of the affected tissue and/or showing a positive cryptococcal antigen titer from serum (11, 15, 20) . The cryptococcus latex agglutination test (Immuno-Mycologic Inc., Norman, Okla.) or the cryptococcus EIA (Meridian Diagnostic Inc., Cincinnati, Ohio) can be used to monitor response to antifungal therapeutics (11, 15, 20) . Antemortem diagnosis of cryptococcal pneumonia in marine animals has not been documented. However, we confirmed cryptococcal pneumonia in a subsequent case via cytology of a thoracic parenchymal aspirate. Use of the cryptococcus latex agglutination test or the EIA for diagnosis of cryptococcosis or determination of response to antifungal therapy in dolphins or other marine animals has not been documented.
Diagnosis of cryptococcal pneumonia in this case was initially made from postmortem specimens. Retrospective analysis of serum samples from this dolphin showed that the use of cryptococcal serology could be useful in antemortem diagnosis of this disease.
In vitro antifungal susceptibility testing of the present strain of C. neoformans var. gattii was performed at the Microbiology Reference Laboratory, Cypress, Calif., according to the NCCLS approved standard M27-A [19a]). The MIC and primary fungicidal action (minimal fungicidal concentration) of itraconazole for this isolate were 0.03 and 0.5 g/ml, respectively. The level of itraconazole in serum measured on 30 July 1999 was 2.4 g/ml (Table 1) , which was five times the minimal fungicidal concentration. Itraconazole in serum was maintained at this level or higher for 120 days, and we believed that the drug at this level would have been efficacious against the present strain. However, retrospective titers of cryptococcal antigen in serum increased eightfold during the antifungal therapy (from 1:32,768 on 14 April 1999 to 1:262,144 on 13 August 1999). MICs can be potential predictors of poor clinical response to antifungal therapy when in vitro resistance is shown (1, 9), but our isolate did not show an elevated in vitro resistance.
In this case, the progressive increase in cryptococcal antigen titer and the eventual fatal outcome showed a failure of the itraconazole therapy. Suggested therapeutic levels of antifungals, as they apply for humans or other animals, were not appropriate for this bottlenose dolphin and may not apply to marine mammals. Further studies of dolphins are needed to determine an appropriate pharmaceutical therapy and the appropriate application of cryptococcal antigen serology as it relates to cryptococcosis in marine animals. 
